Abstract − Seasonal variation in the distribution of mollusks in relation to environmental parameters was studied at four mangrove stations on the Pondicherry coast during September 2008-August 2009. A total of 37 species of molluscs were recorded, among them 16 species of bivalves belonging to 7 families and 12 Genera, and 21 species of gastropods belonging to 14 families and 19 Genera, with the Cereithedia cingulata being the dominant group. An increase of species density and diversity in the Post monsoon season was observed, with the highest values for both indexes at stations 1 and 2, and the lowest at stations 3 and 4 fine where the sand assemblage was dominated by a few gastropods. Pollution indicator species Cassidula nucleus, Melampus ceylonicus, Sphaerassiminea minuta were found only in highly polluted regions near stations 3 and 4; they were totally absent in moderately polluted areas near stations 1 and 2. From a stepwise multivariate analysis of the different environmental parameters regarding molluscan density, it was found that in all 10 parameters govern the density variation of benthic mollusks in Pondicherry mangroves and that the organic matter of sediment and sulphide, DO, and salinity were the highly significant ones.
Introduction
The naturally productive Pondicherry mangrove ecosystem is associated with different organisms in the micro and macro habitat of the mangals itself and also in the intertidal region besides the adjacent mangrove waters. Mangrove ecosystem acts as a buffer zone between land and sea (Bardarudeen et al. 1996) with the intertidal soil providing a suitable habitat for a variety of benthic fauna. The evaluation and conservation of the coastal ecosystem biodiversity is imperative to sustain productivity and invertebrates have attracted attention in terms of conservation in addition to being monitored (Brendan et al. 2007 ).
Assessment of changes in coastal ecosystems can be effectively monitored using benthic fauna, as they play an important role in the transfer of materials from primary production through the detrital pool into higher trophic levels, including commercially exploitable fish (Ingole et al. 2006) . The relation between the benthic standing stock and demersal fish resources has been very well documented for Indian waters (Jones 1997) and as the majority of the benthic fauna are sedentary and sessile, they cannot avoid any environmental perturbation (Danulat et al. 2002) , and so are considered a sensitive indicator of changes in the environment caused by natural and anthropogenic disturbances.
Molluscs, a bioenergetically significant group, constitute one of the most dominant macrobenthic faunal components in all the mangrove ecosystems of the world. Molluscs have been shown to be an appropriate indicator group for local invertebrate biodiversity (Gladstone 2002) . Mollusks species abundance and annual distribution patterns have been recorded in Indian mangroves by different authors (Raut et al. 2005; Saravanakumar et al. 2007) . But, for a better understanding of the benthic ecosystem, studies on the relationship between mollusks and the environment along the whole stretch of the mangrove ecosystem are essential.
In this present study, the molluscan distribution in Pondicherry mangroves in relation to different environmental parameters is given. To our knowledge, this is the first detailed study on the species composition and diversity of benthic molluscan fauna in the mangroves of Pondicherry.
Materials and Methods

Study station
The mangrove forest at Pondicherry (Lat.11°46'03 to 11°53'40 N: Long. 79°49'45 to 79°48'00 E) is located along the south-east coast of India (Fig. 1) . It is one of the typical mangrove swamps of the Ariyankuppam estuarine complex, covering an area of 168 ha distributed along the sides of the Ariankuppam estuary, which is a seasonally bar-built and semi diurnal type that flows eastwards and empties into the Bay of Bengal at Veerampatinam on south east coast of India. Along its exposed banks and on its upper reaches it is fringed with mangrove trees covering an area of approximately 30ha. Four different sampling stations were chosen with 2 kms distance between any two stations; station 1 receives neritic waters from the adjacent Bay of Bengal at the mouth of Veerampattinam; station 2, at Thengaithittu, is located interiorly and is characterized by brackish water; station 3, at Ariyankuppam, is located 4 km south of Pondicherry harbor, and receives water carrying wastes from adjacent agriculture lands and industries in addition to domestic municipal and distillery effluents. Station 4, at Murungapakkam, is located interiorly and has much more dense vegetation on the banks of its waterway. The tides are semi-diurnal and vary in amplitude from 15 to 100 cm in different regions during different seasons, reaching a maximum during monsoon and post monsoon and a minimum during summer.
Sample collection and laboratory procedures
Triplicate samples were collected every month using a metal quadrat of 25 cm ×25 cm in size up to a depth of 15 cm (Eleftheriou and Holme 1984) along three transects, each oriented perpendicularly to the coast line. Vanveen grab (0.1 m 2 ) was also employed to collect the mangrove bottom soil samples and molluscan organisms in the sub tidal (5-10 m depth), samples were preserved in 10% formalin. The Molluscs in the sediment sample recovered after sieving through 500 µm sieve was brought to the laboratory in polythene bags, transferred to a large white bottomed tray and the animals which were moving or easily recognizable were hand sorted. The surface water temperature was measured using a standard thermometer. Salinity was measured by a hand held Refractometer (ERMA), water pH was also measured (by a hand held pH meter, pH scan-2); electrical conductivity (EC) was measured using EC instruments. Dissolved oxygen was estimated by Winkler's method and sulphide was also determined (by Strickland and Parson's 1972 method), sediment texture (Krumbein and Pettijohn 1983) was determined by a pipette analysis method. The total organic matter of sediment was determined by the wet Fig. 1 . Map of the study area showing station location points along the three transects are also indicated oxidation method (El Wakeel and Riley 1957) . Fauna were identified and categorized to the lowest practical taxonomic level using standard references (Antony Fernando and Olivia Fernando 2002) . The data was subjected to univariate analyses for studying the molluscan community structure using Shannon and Weaver (1949) for species diversity, Pielou (1966) for species dominance and evenness and Gleason (1992) was used to determine species richness. The Pearson correlation coefficient was used to study the affinity of benthic groups towards environmental parameters.
Statistical analysis
Statistical analyses were performed using SPSS (statistical Version 7.5 for Windows XP, SPSS, and Chicago, IL, USA). The Pearson correlation (r) was made for the statistical interpretation of the physico-chemical parameters of water, sediment characteristics and molluscan species diversity indices. The relationship between molluscan species abundance and different environmental parameters was determined using multivariate statistical analysis such as Cluster analysis (CA) and a Multidimensional Scale plot (MDS) was constructed based on the abundance of molluscs after log transformation. Based on the obtained cluster analysis of groups, species having the greatest contribution to this division were determined using a similarity percentage program PAST (statistical Version 1.93 for Windows XP).
Results and Discussion
Water quality parameters
Mean and standard deviation on the physico-chemical parameters of water and sediment characteristics is presented (Table 1 ). Total annual rainfall in the study area was 1520.7 mm, with monthly variations from 1.1-808 mm. The relative humidity of the atmosphere varied from 37-100 (%) with the monsoon season (October-December) having the highest range and the summer season having the lowest range. Rainfall brings important changes in the estuarine hydrographical characteristics (Rajkumar et al. 2009 ).
Surface water temperatures in the study area varied from 16.66°C-37.91°C respectively, with the maximum during summer and minimum during monsoon. There was no relationship between the air and surface water temperatures, which could be due to different environmental situations (Ashok Prabu et al. (2008) . Salinity indicated wide variationsranging between 6.36-36.77; indicating an influx of freshwater from land run off, caused by monsoon or by tidal variations, and is evidenced by a negative correlation (r = -0.65 at station 1, r = -0.69 at station 2 and r = -0.869 at station 3 r = -0.7654 at station 4) obtained between salinity and rainfall. The salinity is a limiting factor in the distribution of living organisms, as dilution and evaporation impact most likely on the fauna in the coastal ecosystem (Balasubramanian and Kannan 2005) . Dissolved oxygen was high (5.49 mg/l) during monsoon and low (3.45 mg/l) during summer and season-wise observation of dissolved oxygen indicated an inverse trend with temperature and salinity. The high values observed during monsoon are certainly due to the cumulative effect of higher wind velocity, a heavy rainfall, and freshwater inflow and to the terrigenous impact of sediments (Rajaram et al. 2005) .
Hydrogen ion concentration (pH) varied from 7.11 to 8.52, pH in surface waters remained slightly alkaline throughout the study period at all 4 stations with the maximum during summer and minimum during monsoon. The high pH values recorded during summer might be due to the influence of seawater penetration and high biological activity (Rajkumar et al. 2009 ). EC at the four stations varied from 26.65-52 ms 
Mangrove sediment characteristics
At all the areas, the substratum was predominated by sand followed by silt and clay in comparatively smaller proportions. Sand fraction ranged between 63.69-87.31% followed by silt (9.89-29.32%), clay (3.06-17.98%). The highest value for sand was observed in summer and monsoon seasons (83-87%) and slightly less in post-monsoon (39%). Silt percentage remained almost the same during all seasons, showing little variation, but a comparatively higher percentage of clay was observed in post-monsoon season. Soil texture sand, silt and clay indicated a highy significant correlation at P<0.01. Organic matter varied (from 0.94-3.94%), which is attributed to the transport of sediments from one place to another associated with tidal currents and was relatively high in the pre monsoon season. There were significant negative correlations between OM and clay (r = -0.537; P<0.05) and sulphide (r = -0.60; P<0.05) at stations 3 and 4.
Molluscan abundance and diversity
In total 37 species were recorded from all the four stations (Table 2) with gastropods forming the dominant group. 21 species of gastropod species belonging to 14 families and , richness ranged between 0.39-0.75, evenness ranged between 0.56-0.72, equitability ranged between 0.35-0.84, and fisher alpha ranged between 1.47-3.28 (Table 3) .
Molluscs in mangrove beds form an important component (2000) who studied the molluscan distribution in the southeast cost of India. In contrast among the molluscan assemblage from the mangroves of Godavari and Krishna estuarine systems (Raut et al. 2005) , only 95 species belonging to 11 genera were noticed. Saravanakumar et al. (2007) recorded 17 species of gastropods and 16 species of bivalves in the Arid Zone Mangroves of Gulf of Kachchh. Saravanan et al. 2008 had recorded 9 species of gastropods and 4 species of bivalves in an earlier study in the same mangrove. In this present study in Pondicherry mangroves 16 bivalves and 21 gastropods were recorded which indicates an increase of molluscan abundance in the area. High abundance of molluscs was correlated with an increase in dissolved oxygen, salinity, pH and decomposed organic matter (Bath et al. 1999) . The richness of molluscs presently observed may be attributed to the cumulative effect of the alkaline nature of water, high organic matter and water sulphide which provide both food and shelter, because some of these forms are periphytic in nature.
The molluscan fauna in the study area showed great diversity in stations 1 and 2 and less diversity in stations 3 and 4. Species dominance was least (0.30) at station 4 and most dominant (0.74) at station 2 (Fig. 3) . Values of H' varied from 0.65-1.49, the highest H' value was observed in post monsoon season at station 1 and least observed in station 4 (0.65). Evenness was least (0.20) at station 2 during monsoon and highest (0.73) at station 3 in pre monsoon. Species richness index values varied from 0.25 to 0.75, based on average diversity indices computed for each station, it was noticed that there was a steady decrease in the species richness index from station 1 to 4 (Fig. 4) . Equitability was least at station 2 (0.293) in monsoon and the greatest was observed in post monsoon at station 3. Fisher alpha varied from 1.47-3.48, the highest value was observed in (Fig. 5 ). Diversity and density of the macro benthos is largely dependent on chance settlement of pelagic larval forms of different species, affinity to suitable substratum and also the degree of stress caused by strong waves and tide currents (Olive et al. 2002) . Field et al. (1982) postulated that species diversity is mainly controlled by fluctuations in the environment and in the present study species diversity ranged between 0.65-1.497 in 4 stations over four seasons, evidencing the dynamic nature of the mangrove habitat under investigation. The pattern of low species diversity in monsoon and high diversity in post monsoon recorded at the study stations is in conformity with earlier observations (Raut et al. 2005; Garg et al. 2009 ). Wilhm & Dorris (1966) stated that values <1.0 for diversity index (H) in estuarine waters was common when heavy pollution occurred; values between 1.0 and 3.0 indicated moderate pollution; and values exceeding 3.0 characterized non-polluted waters. Diversity value in the study area ranged between 0.65-1.497. Thus clearly indicating that the mangroves are polluted and molluscan community is under stress due to natural and/ or anthropogenic factors. 
Correlation of species diversity indices with environmental parameters
The results of coefficient of correlation (r) indicate that there is a moderate positive correlation between the diversity indices and physico-chemical parameters (Table 4) There was a slight reduction of DO at stations 3 and 4 and depletion of oxygen in the shelf and may be associated with the oxygen minimum layer in the shelf edge (Qasim 1982) . From the results it could be inferred that both temperature and DO influenced the distribution and abundance of mollusc. The high salinity observed at the mouth of the estuary at stations 1 and 2 in the present study and low salinity at stations 3 and 4 could be due to freshwater inflow. With the optimum salinity for growth being 5-20 ppt (Ellison 2008) , this could be the reason for low densities at station 3 and 4. However, several faunal species such as microorganisms, benthic invertebrates and larval forms which exclusively depend on the mangrove wetlands for their survival are highly sensitive to even a slight change in the salinity of their ecosystem (Sandilyan et al. 2010) . Salinity in combination with the organic matter and median grain size of sediment was responsible for the variation in density of Meritrix meritrix and M. casta. That salinity is an influencing factor for the distribution of benthic fauna has been suggested by Sanders et al. 1965; Parulekar 1980) . Sediment characteristics have been positively related to the abundance of mollusks; however, not to any significant extent. Organic matter and sulphide indicate that there was a moderate negative correlation between the Shanon weaver diversity, fisher alpha, as well as dominance (sulphide and dominance (r=-0.755; P<0.01); fisher alpha (r=-0.839; P<0.01); OM and dominance (r=-0.766; P<0.01); fisher alpha (r=-0.798; P<0.01); shannon diversity (r=-0.579; P<0.05). A moderate negative correlation exists between the following; molluscan diversity indices; evenness, richness and equitability with organic matter and sulphide. The high sedimentation rates at stations 3 and 4 probably could be a reason for the overall low species in the sub tidal, in particular the low species richness and density of bivalves and gastropod. Organic matter was responsible for most of the density fluctuations of molluscan species; most of them feed on suspension. For desposit feeders, the amount of organic deposit in the sediment is very important and the efficiency of their survival, reproduction and distribution mainly depends on the nutritional status of the bottom deposit in the habitat (Fenchel 1970) . However, three pollution indicator gastropod species -Cassidula nucleus, Melampus ceylonicus and Sphaerassiminea minuta -are well adapted to the situation at station 4, and similar results (Nordhaus et al. 2009 ) have been recorded showing benthic communities affected by anthropogenic inputs in the Segara Anakan mangroves, Indonesia. Macrobenthic communities in marine environments are influenced by the texture of the sediment in which they establish themselves and live (Manjappa et al. 2003) but Ellingsen (2002) reports that biotic factors such as availability and abundance of benthic larvae/adult might be more important than sediment characteristics in determining mollusc settlement.
Multivariate analyses
Cluster analysis delineated two major clusters, which were mainly segregated based on benthos abundance and diversity indices towards environmental parameters (Fig.  6 ). Clusters at stations 1 and 2 were more densely populated than stations 3 and 4. Cluster 1 consisted of increased diversity, richness and abundance of organisms observed at stations 1 and 2 and this could be due to the increase proportion of coarser sediment with a high amount of DO observed at these stations. Cluster 2 was differentiated into fine sediment texture with a high OM content; however, a low amount of DO and high sulphide with high OM content was observed at these stations. In this case, low species abundance and diversity was observed at stations 3 and 4, where high OM and sulphide adversely affect benthic fauna (Jayaraj et al. 2007 ). This could also be evidenced from the An MDS plot based on the average abundance of molluscan fauna and environmental parameters revealed four distinct groups with a 32% similarity in the study area (Fig. 7) . Groups 1 and 2 were restricted to stations 1 and 2 in all the seasons and were characterised by the dominance of C. cingulata, Perna virdis. Groups 3 and 4 were observed at stations 3 and 4 and were dominated by C. nucleus, M. ceylonicus and S. minuta. Stations 3 and 4 remained separate as it did not cluster in any of the seasons with stations 1 and 2, which confirms dendrogram.
Maximum diversity and richness recorded in this study during post monsoon might be due to stable environmental factors, such as DO and salinity, which play a vital role in faunal distribution. Relatively high species richness, evenness and diversity were observed in stations 1 and 2 and decreased towards station 3 and 4. The low species richness recorded in this study during monsoon might be due to the freshwater inflow which induced low saline conditions, which in turn affected the distribution of benthos. Reason for the low richness and diversity in stations 3 and 4 may be due to the reduced temperature, oxygen and increased sulphide.
Conclusions
Results from the present study revealed that the diversity and distribution of molluscs in the Pondicherry mangroves were controlled by a combination of factors and the effects that were organism dependent. The major factors were: sand, silt and clay, organic matter, dissolved oxygen, pH, salinity and sulphide. Low benthic abundance and diversity was observed in the more polluted stations -3 and 4 -in the study area and they also revealed that a high deposition of OM and sulphide adversely affected the distribution of molluscs. High abundance, diversity and richness were recorded in stations 1 and 2 that were only slightly polluted. So it can be concluded that environmental parameters like DO, pH, sulphide, salinity OM and sediment texture have a great influence on the distribution, abundance and diversity of molluscs and refusal single factors by itself has controlling the entire.
